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To achieve weight reduction of structures, composite carbone fabric materials are used extensively in different 
industrial applications as aerospace and automotive. Their high mechanical performances and good fatigue 
durability offer advantages compared to more traditional metallic materials. To be able to design composite parts, it 
is necessary to characterize their fatigue behavior and specifically to evaluate fatigue limites. All fatigue tests 
generally used for this determination are time-consuming and potentially highly costly. 
We propose herein after to apply on woven carbon fibres thermoplastic matrix composites, the self-heating method, 
which has been developed and validated initially on unidirectional carbon/epoxy composite laminates. 
The material under consideration is a balanced woven made of carbon fibers and PA66 matrix. Static and fatigue 
tests are conducted on two stacking sequences ([0°] and [+/-45°]) in order to identify their mechanical properties. 
Our findings demonstrate that during self-heating tests at room temperature, the mechanisms leading to the increase 
in temperature are different compared with those observed in thermoset matrix composite systems. Anew analysis of 
these results is mandatory to obtain the limit of fatigue. The fatigue limit obtained within hours, in our work appears 
comparable with the results obtained with the classical SN curves method. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of CETIM. 
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1. Introduction 
Thermoplastic (TP)-based laminates are becoming more and more attractive forthe industry, due to promising 
alternatives compared to thermoset matrix composites, especially with their reduced curing time and their recycling 
properties. However, further growth of TP-based composites is directly linked to the knowledge of their long-term 
behavior (fatigue and creep), for which, experimental campaigns are material- and time-consuming.  
The self-heating tests method, first developed on metallic materials [2-5], is a suitable tool to predict as fast as 
possible the fatigue limit. It has been applied successfully to unidirectional carbon fibre reinforced thermoset matrix 
laminate [1].  
There is a growing need is to adapt this methodology to carbon fibre reinforced thermoplastic matrix woven 
laminates. The weave pattern and the ductility of the matrix represent the two main difficulties of this adaptation 
work. Indeed, viscous behaviour may influence fatigue resistance and temperature elevations under cyclic loadings. 
A better knowledge of the dissipation mechanisms into the thermoplastic woven ply laminate is neededto propose a 
reliable analysis of the self-heating curves..This article presents the mechanical and thermal responses under self-
heating tests and proposes an interpretation of the self-heating curves in order to determine the fatigue properties of 
the elementary thermoplastic woven ply. 
2. Experimental procedures 
2.1. Material 
The material of the study is the TEPEX dynalite 201-C200(x)/45% carbon/PA6.6 manufactured by Bond Laminates. 
It is currently used in automotive and sport applications. The polyamide 6.6 is reinforced with a carbon fabric of 
twill type, with balanced warp and fills yarns. In this article we will note this CFRP composite as CF/PA66. 
According to the constructor’s data, the matrix has a glass transition temperature of 70°C. 
All tests are conducted on symmetrical rectangular CF/PA66 specimens of nominal dimensions 250x30 millimeters 
with end tabs (ASTM D3039, ISO 527) (Figure 3). Three Representative Elementary Volume are contained in the 
specimen width. Two stacking sequences are tested: [45]8 and [0]8.  
No environmental preconditioning is performed and specimens are kept in an ambient condition (RH50).  
 
2.2 mechanical testing 
 
All uniaxial self-heating tests are carried out under ambient environmental conditions (Relative Humidity 50%, 
Room Temperature~20°C) on an MTS 880-100kN equipped with hydraulically operated wedge grips.  
2.2. Self-heating tests 
2.2.1. Methodology 
A self-heating test consists in applying successive 
series of cycles for different increasing maximal 
stresses keeping the same stress ratio. For each 
maximal stress, the change of temperature variation, 
ߠሺݐሻ ൌ ܶሺݐሻ െ ଴ܶ  (where ܶሺݐሻ  is the mean 
temperature on the surface and ଴ܶ is his initial value) 
is recorded. The mean temperature becomes stable 
after a fixed number of cycles depending on the 
stress level and loading frequency and 
equalsߠ௦௧௔௕௜௟௜௭௘ௗሺߪ௠௔௫ሻ. It is observed that, beyond a 
given stress level, the stabilized temperature starts to 
increase significantly as shown on Figure 1. 
Figure 1: description on the self-heating method. 
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Figure 2: Explanation of fatigue limit determination: block of loading and self-heating curve 
Both [0]8 and [45]8 laminates have been tested with this methodology to determine mechanical properties of the 
fibre and shear direction of the woven ply. 
Each loading block consists in three steps: the first one is a displacement-controlled loading at 2mm/min to reach the 
mean stress, the second one is a cyclic loading of 5000 cycles at constant maximal stress and the last one is 
displacement-controlled and corresponds to the return to zero stress value. The cyclic loading step is performed in 
load control with sinusoidal waveform constant amplitude and a loading frequency of 5 Hz. After each block, the 
stress has been entirely relaxed for 15 minutes to yield again the thermal equilibrium. The maximum stress increases 
from one block to another and is chosen in order to keep constant the stress ratio R=0,1. 
 
2.2.2. Temperatures measurements 
 
During self-heating tests, we have studied the changes of the specimen’s mean temperature. Two methods to 
determine the temperature have been tested.  
 
In the first one we used an infrared camera, placed belong the specimens allowing to measure temperature 
precisely all along the test.  
 
In the second one we used a K-type thermocouples equitably allocated tothe specimens. The thermocouples are 
glued on one of the specimen’s faces and on each machine grip. The thermal problem is supposed unidimensional 
thus the thermocouples are positioned on the specimen’s median line as shown on Figure 3. From the thermocouples 
or infrared camera data recorded at a time t, wedetermine the mean temperature at the surface of the specimen ܂ഥሺtሻ 
and the temperatures of the upper and lower grips Tuሺtሻ and Tlሺtሻ. These three measures are employed to calculate 
the mean temperature changes of the laminates θሺtሻ during the self-heating tests thanks to (1). 
 
θሺtሻ=܂ഥሺtሻ-܂ഥሺ0ሻ- ቂTܝሺtሻ+Tܔሺtሻ
2
-
Tuሺ0ሻ+Tlሺ0ሻ
2
ቃ (1) 
This correction allows to take into account the temperature variation of the servo-hydraulic machine during the 
experiment. 
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Figure 3: Specimen geometry and thermocouples location 
3. Results and discussion 
3.1. Material 
In fibre directions, the woven ply shows a brittle linear elastic behaviour when subjected to load-unload tension test 
at ambient temperature (Figure 4). The damage occurring in these directions does not affect the behaviour of the ply 
under traction loading. When shear loading is applied (from a tensile test on a [45]8 laminate), a decrease in the 
shear modulus as well as inelastic strains were observed (Figure 5). The modulus decrease is due to the ply shear 
stress, which generates some fibre/matrix decohesion and matrix cracks within the warp and fill yarns. The inelastic 
strains and the loading-unloading hysteresis observed can be due to the slipping/friction processes occurring 
between the fibres and matrix as the result of the damage as well as the viscoplastic behaviour of matrix rich zones. 
During these tests, ultimate tensile stress and ultimate shear stress are measured respectively at σUTS=530 MPa and 
σ12 USS=124 MPa.  
 
Figure 4: fiber direction behaviour (stress-strain diagram) 
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Figure 5:Shear behavior: (a) Stress-strain diagram, (b) evolution of laminate’ stiffness 
 
3.2. Temperatures measurement  
In this present work, the accuracy of the two temperatures measurement methods has been studied. As shown in 
Figure 6, both methods, one with infrared camera and the other with thermocouples, are equivalent.  It could be 
explained by the number of thermocouples in the specimens. They give a good idea of the temperature on the 
surface and are less influenced by ambient perturbations.  
 
 
 
 
 
 
 
 
 
 
 
Figure 6: comparison temperature measurement. 
3.3. Self-heating curves        
This paragraph presents the self-heating curves obtained by the CF/PA66 woven laminates. The stabilized mean 
temperature changes in function of maximal axial stress are shown on Figure 7 and Figure 9.  
The self-heating curve of [0]8 laminate (Figure 7) presents a profile similar to the one obtained with UD [0/90]8 
carbon/epoxy laminated composite [1]. Despite the difference of matrix nature and behaviour, the temperature 
increments are of the same scale, only few degrees. The presence of fibers in the loading axis can explain these 
comparable results.. The superposition of data obtained with two different specimens suggests the good 
reproducibility of the temperature variation during the stress loading. .  
 
As shown in Figure 8, three different mechanisms may be determined during the heat build-up test. On the curve, 
the mechanism is easily determined and we can discriminate two characteristics points, at 150MPa and 360MPa. 
The fatigue limit is determined by the cross link between the two tangents of the two last mechanisms as shown in 
figure 8. The fatigue limit is evaluated to ~390MPa.The difficulty here is to correlate self-heating with physical 
degradation like fibre break down or delamination.  
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Figure 7: Self-heating curves of a [0]8 CF/PA66 woven laminated 
composite 
Figure 8: determination of the fatigue limit of a PA66 [0]8 
 
In Figure 9, the self-heating curve obtained for the [45]8 CF/PA66 woven laminated composite presents a very high 
temperature increase, more than 80°C. Two shift points are clearly observable around maximal stress of 50 MPa and 
130 MPa. They illustrate thermal response changes under cyclic loading. The temperature rise up to maximal stress 
of 50 MPa may be due to the activation of dissipation mechanisms like damage or viscoelastic nature of the 
thermoplastic matrix. For maximal stress superior to 130 MPa, mean stabilized temperature tends to decrease, 
revealing a diminution of the heat dissipation source with increasing stress amplitude. At these stress amplitudes, the 
mean stabilized temperature measured at the specimen’s surface is superior to the glass transition temperature of the 
bulk resin (Tg= 70°C). Degradation mechanism for this temperature is deeply different that the one at ambient 
temperature. If the temperature is higher than the glass transitions temperature, then the matrix is amorphous and 
does not play his linker fibre role. Consequently, the matrix behaviour permits fibres reorientations along loading 
axis that may explain changes indissipative phenomena. According to this observation and knowing the fatigue 
strength at 2.106 cycles obtained by conventional fatigue tests, it may be possible to determine the cross link 
between the two tangents as seen in Figure 10 and to evaluate a fatigue limit at 125MPa. 
 
  
Figure 9: Self-heating curve of a [45]8 CF/PA66 woven laminated 
composite 
Figure 10: determination of fatigue limits of a [45]8 CF/PA66 woven 
laminated composite 
 
 
 
 
≈390 
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Table 1 presents the fatigue strength at 2.106 cycles for both composite material orientations determined by 
conventional fatigue test in relation with the fatigue limits extrapolated with the self-heating method. As expected, 
the fatigue limits obtained by self-heating method are lower than the fatigue strength at 2.106 cycles.  
 
Table 1: comparison between conventional fatigue results and self-heating method 
 [0]8 [45]8 
2.106  cycles fatigue strength with 
SN curves (MPa) 
400 130 
Fatigue Limits with self-heating 
(MPa) 
390 125 
 
This technique has been applied on other composite materials as short fibre thermoplastics or thermosets and the 
fatigue limits obtained with the self-heating methods are in good agreement with the fatigue strength at 2.106 cycles 
determined with conventional fatigue tests..  
 
Conclusion 
 
In summary, the self-heating method is an easily feasible set up method. It can be done with either thermocouples 
or infrared camera. These two measurement temperature techniques give good results with the same accuracy. Self-
heating method can be adapted to any kind of fatigue machine in any laboratory. We have also demonstrated that it’s 
a faster method than conventional method to determine reliably the fatigue limit. An SN curves is built with 25 
points of fatigue and takes at least one month even when the self-heating method takes 1 day.  
The ongoing researches are looking for evaluate the self-heating methods to other materials with different fibre or 
matrix particularly with different fiber orientations. A better understanding of the mechanism leading to the 
composites degradation on the one hand and the correlation with the self-heating curves on the other hand is needed 
to further develop this method. Additional investigations confirming the robustness of our findings should be also 
carried out to evaluate fatigue limit with a probability of failure. This technique can be also applieddirectly on 
component. Several projects are ongoing on this topic. 
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